Background: Positive affect (PA) and negative affect (NA) reflect subjective emotional experiences. Although related to depression and anxiety, these dimensions are distinct constructs representing affective states and patterns. Prior studies suggest that elevated depressive symptoms are associated with risk of mild cognitive impairment (MCI) and probable dementia, but whether affective states are associated with cognitive impairment is still unknown. The present study examined relationships between baseline affective states and cognitive impairment (MCI, probable dementia) in nondepressed women. Method: Baseline PA and NA were assessed in postmenopausal women (N = 2,137; mean age = 73.8 years) from the Women's Health Initiative Study of Cognitive Aging (WHISCA) using the Positive and Negative Affect Schedule (PANAS). Women were followed annually for an average of 11.3 years; those with elevated depressive symptoms at baseline were excluded. Results: Higher NA was associated with a higher risk of MCI and probable dementia, even after adjusting for important covariates including age, education, sociodemographic, lifestyle, and cardiovascular risk factors, global cognition, and hormone therapy assignment at baseline. PA was not significantly associated with either outcome. Conclusions: We present the first evidence to date that greater NA, even in the absence of elevated depressive symptoms, is associated with higher risk of MCI and dementia. This suggests that NA may be an important, measureable and potentially modifiable risk factor for agerelated cognitive decline.
disgust, and nervousness (2) . Positive affect (PA) includes feelings such as enthusiasm, determination, confidence, excitement, inspiration, and alertness. State affect varies throughout the day in healthy individuals (3), although people with mood disorders are more vulnerable to specific affective states. For example, both depression and anxiety are characterized by high NA, reflecting the experience of subjective distress. However, depression, but not anxiety, is also associated with low PA (4) . Furthermore, the state dimensions of PA and NA are closely related to trait positive and negative emotionality, which roughly correspond to the personality factors of extraversion and neuroticism, respectively (1) .
Previous research in large studies of aging has found that baseline depressive symptoms (5) and anxiety (6) are associated with increased risk of incident cognitive impairment, including mild cognitive impairment (MCI) and dementia. However, there has been considerably less investigation into the relationship between state affect and cognitive impairment.
In healthy younger individuals, higher PA is associated with better performance across a range of cognitive tasks, including recall memory, problem solving, and decision making (7) . This association may persist during brain aging in older populations. For example, higher PA as assessed by the Positive and Negative Affect Schedule (2) was associated with stronger episodic memory performance on a list-learning task in older adults from the Maastricht Aging Study (8) . In contrast, higher NA was associated with increased subjective memory complaints in healthy older adults (9) . Although several studies have found that an absence of PA (eg, anhedonia) was associated with increased risk of cognitive decline (10, 11) , the purpose of these latter studies was to assess the relationship between depressed mood and cognitive outcomes. PA was measured as a subscale on a depression questionnaire, and the studies did not control for other clinical symptoms of depression that contributed to cognition independently of affective states.
Personality traits such as neuroticism and extraversion are associated with a person's propensity to experience NA or PA, respectively (1). These personality factors have also been studied in relation to dementia risk. Allen and colleagues found that older adults with high extraversion scores, a proxy for PA, performed better on a test of long-term episodic memory than those with lower extraversion (12) . However, a recent study using data from participants in the Health and Retirement Study failed to find an association between extraversion and risk for cognitive impairment (13) . In the Baltimore Longitudinal Study of Aging, older adults with lower neuroticism (NA) scores were more likely to maintain normal cognition even in the presence of AD neuropathology confirmed at autopsy (14) . In the Religious Orders Study, individuals with high neuroticism were twice as likely to develop Alzheimer's disease as those with low neuroticism (15) . In a metaanalysis from five prospective observational studies, a standard deviation unit (SD) increase in neuroticism was associated with 30% higher risk of AD (16) . Neuroticism and extraversion may also interact to impact dementia risk, with those exhibiting both low neuroticism and high extraversion having lower risk of cognitive impairment (17) , though another study failed to replicate this effect (13) .
While existing evidence suggests that clinical states such as depression are risk factors for cognitive impairment, little is known about whether global affective tone or states are. As low PA and high NA are highly correlated with depressive symptoms (4), it is important to assess these subjective mood states in healthy individuals, independently of a clinical condition such as syndromal or subsyndromal depression. Thus, we restricted our analyses to state affect in the absence of elevated symptoms of depressed mood. The objective of this study was to explore the associations between positive and negative state affect and subsequently adjudicated cognitive impairment in nondepressed postmenopausal women participating in the Women's Health Initiative Study of Cognitive Aging (WHISCA). Focusing on postmenopausal women has particular public health relevance, as this group is disproportionately affected by Alzheimer's disease and other dementias (18) .
Method

Participants
The Women's Health Initiative (WHI) included randomized controlled trials evaluating the effects of postmenopausal estrogen supplementation versus placebo on multiple women's health outcomes. The Women's Health Initiative Memory Study (WHIMS) added dementia as an outcome in a subset (N = 7,479) of WHI Hormone Trial participants between 65 and 79 years of age. WHISCA was an ancillary study to WHI and was designed to explore the effects of hormone therapy on cognition and affect in women without dementia. Enrollment procedures and baseline sample characteristics for WHISCA have been described elsewhere (19) . WHISCA enrollment began an average of three years after WHIMS enrollment. Of the 2,302 postmenopausal women recruited into WHISCA, 2,264 were included in the present analysis. Exclusion criteria for the present analyses included a diagnosis of MCI at baseline (N = 27) or missing PANAS data (N = 11). The mean follow-up interval was 11.3 years (SD = 4.8 years; range: 0.97 years-20.1 years). This includes both the RCT and the post-RCT follow-up periods, when the trial medications were no longer administered. Medications in the conjugated equine estrogen (CEE) combined with medroxyprogesterone acetate (MPA) trial were terminated in 2002 due to an unsatisfactory risk-to-benefit ratio, while medications in the CEE-alone trial were terminated in 2004 due to an increased risk of stroke and lack of evidence for prevention of cardiovascular disease. Cognitive assessment and adjudication of cognitive outcomes in this cohort is ongoing; the present analyses include available data through May of 2016.
Procedures
PA and NA State affect was assessed using the PANAS (2) collected at the WHISCA baseline assessment. The PANAS is a 20-item list of adjectives, with 10 words related to pleasant affective states (eg, enthusiastic, inspired, active) and 10 related to negative affective states (eg, distressed, jittery, irritable). Total scores for PA and NA range from 10 to 50; higher scores indicate greater affect. Participants were instructed to rate each descriptor on a five-point scale to indicate to what extent they had experienced that affective state in the past 2 weeks. Thus, PANAS scores can be considered a measure of state affect at the time of baseline assessment.
MCI and probable dementia
A detailed description of the protocol for classification of MCI and probable dementia has been published (20) . During annual WHIMS follow-up prior to 2007, all WHISCA participants were administered the Modified Mini-Mental State Examination (3MS) annually (21) . Women who scored below education-specific 3MS cutpoints received a thorough neuropsychiatric evaluation. This included a modified Consortium to Establish a Registry for Alzheimer's Disease (CERAD) battery of neuropsychological tests (22) ; standardized interviews to assess behavioral and cognitive impairment; interviews with a designated informant regarding the participant's degree of impairment; a complete clinical evaluation by a local physician-specialist with experience in dementia diagnosis; and optional lab tests, including computerized tomography and standard blood tests. Women were initially classified by the local dementia specialist into one of three groups: no cognitive impairment, MCI, or probable dementia, using standardized criteria ( (24) . All WHIMS-ECHO participants included in these analyses were part of the original WHIMS cohort who provided consent for additional follow-up. When women screened positive for cognitive impairment (TICSm < 31), a reliable and pre-identified informant was interviewed via telephone using the validated Dementia Questionnaire (25) . All data including prior WHIMS data were reviewed by the central adjudication panel, with individuals classified as no cognitive impairment, MCI, or probable dementia.
Covariates
Baseline data for this analysis were obtained from the last WHI visit prior to or on the date of WHISCA enrollment. If the covariate data were not available for that visit, data from the WHI baseline visit were used. These included demographics (age, race, education, marital status), lifestyle factors (physical activity, smoking status, drinking status), and medical history (cardiovascular disease, stroke, transient ischemic attack, hypertension, high cholesterol, physical activity, current antidepressant use). Body mass index (BMI) was calculated as weight (kg)/height 2 (m 2 ). Physical activity was operationalized as number of exercise sessions per week, where each session was defined as 20 or more minutes of moderate-or vigorous-intensity physical exercise (metabolic equivalent score ≥ 4.0). Depressed mood in WHISCA was assessed using the 15-item short form of the Geriatric Depression Scale (GDS) (26) .
Global cognitive function was measured with the Modified MiniMental State Examination (3MS) (21) . Scores range from 0 to 100, with higher scores reflecting better functioning. The 3MS has demonstrated high sensitivity (87%) and specificity (85%) for detecting cognitive impairment (27) . It assesses temporal and spatial orientation, immediate and delayed recall, naming, executive functioning, verbal fluency, abstract reasoning, and praxis. A trained and certified technician administered the 3MS.
Statistical analysis
Frequencies and percentages were calculated for categorical variables, while means and standard errors were calculated for continuous variables in the overall cohort. Associations between the descriptive variables and PANAS positive and negative scales were assessed by fitting simple linear regression models, and parameter estimates and standard errors were calculated. Cox proportional hazards regression was used for unadjusted (single predictor) and adjusted (multiple predictors) analyses. Time to event was based on years from the last 3MS score prior to or on the date of the participant's first WHISCA visit. Four models were fitted: an unadjusted model (Model 1); adjustment for demographic factors (age, race, education), and randomization arm (Model 2); adjustment for all Model 2 factors plus lifestyle factors (marital status, smoking status, alcohol consumption, exercise) (Model 3); and a fully adjusted model with all Model 3 factors plus health variables (BMI, systolic and diastolic blood pressure, current use of antidepressant medications, high blood pressure, history of cardiovascular disease/stroke/ transient ischemic attack, diabetes, high cholesterol, 3MS score) (Model 4). Separate Cox models were fitted for time until first incidence of MCI, probable dementia, and any cognitive impairment (composite outcome of MCI and probable dementia), with separate models for PA and NA. Additionally, a model was fit to determine whether the interaction between PA and NA was associated with incident cognitive impairment. For consistency with prior analysis of WHIMS outcomes, we also examined the combined outcome of any cognitive impairment (MCI + probable dementia). Estimates are presented as unadjusted and adjusted hazard ratios (HRs) with confidence intervals (CI), representing increases in relative risk of MCI and probable dementia per each 10-unit increment on the PANAS scale. For those with study-based cognitive impairment, follow-up time was censored at the date of the cognitive testing, which triggered its adjudication. For those without study-based MCI or probable dementia, follow-up was censored at the participant's last cognitive assessment. Statistical significance was assessed at the two-sided 0.05 α level; no adjustments for multiple testing were completed. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
Results
Participants eligible for WHISCA were 66-84 years of age at baseline. Of the 2,302 postmenopausal women recruited into WHISCA, 2,264 were included in the present analyses. Of these women, 127 (5.6%) reported baseline scores > 5 on the GDS indicating elevated depressive symptoms and were excluded from all subsequent analyses to minimize the influence of syndromal depression (Figure 1 ). Overall baseline sample characteristics and their association with the PANAS subscales are reported in Table 1 . Over a follow-up period of 11.3 years, 185 developed MCI, 177 developed probable dementia, and 1,830 remained cognitively unimpaired. Baseline PANAS scores for these groups are presented in Table 2 .
Associations of PA and NA with incident MCI or probable dementia are presented in Table 3 . As the PANAS is a continuous variable, hazard ratios represent relative risk associated with each 10-point increase in PA or NA. In the unadjusted analysis (Model 1), NA was associated with higher risk of MCI (HR = 1.54, p = . There were no significant associations between PA and risk for probable dementia or MCI or probable dementia in the unadjusted or fully-adjusted models ( Table 3 ). The interaction between PA and NA was not significantly associated with risk for MCI or probable dementia (p's > .05).
Results were similar for the association of state affect with cognitive impairment (combined outcome of MCI/probable dementia), with NA associated with higher risk of cognitive impairment in the fully adjusted model (HR = 1.52, p < .0001, 95% CI [1.25, 1.85]) but no significant association between PA and risk for cognitive impairment.
Discussion
Over an average follow-up interval of 11.3 years, we found that greater state NA, even in the absence of elevated depressive symptoms, is associated with a higher risk of incident cognitive impairment. Each 10-point increase in NA was associated with 55% higher risk of developing MCI and 33% higher risk of developing probable dementia after adjusting for potentially confounding variables, including demographic characteristics, lifestyle variables, cardiovascular risk factors, use of hormone therapy, and baseline cognitive function. PA was not significantly associated with risk of MCI or probable dementia.
Studies exploring the role of state affect on cognitive outcomes in aging are sparse. Our findings are consistent with results from the Cognition in the Study of Tamoxifen and Raloxifene (Co-STAR) sample of nondemented, postmenopausal women, in which higher NA was associated with poorer global cognition, verbal memory, and spatial ability, while higher PA was associated with better verbal fluency (23) . This pattern of poorer cognitive performance with higher NA may be an early manifestation of cognitive changes associated with MCI or dementia. The present findings are congruent with this study, although the Co-STAR study reported performance across cognitive domains, rather than diagnosis of MCI or probable dementia, as outcome variables. One limitation of the Co-STAR sample was that it included 4% of women reporting clinically significant depressive symptoms. By excluding participants reporting elevated depressive symptoms, we were able to focus more exclusively on positive and NA in the absence of clinically significant depression.
The present study assessed state rather than trait affect, with state NA reflecting a person's experience of negative emotions over the prior 2 weeks. NA has been associated with the personality factor of neuroticism, while PA has been associated with extraversion (1). Our finding that higher state NA is associated with increased risk of cognitive impairment is consistent with reports that older adults with high neuroticism have poorer cognitive performance (28), higher rates of cognitive decline (29), higher risk of Alzheimer's disease (30) , and lower likelihood of remaining free of cognitive impairment in the presence of Alzheimer's disease neuropathology (14) . Since an assessment of state affect can also be influenced by personality traits, we cannot be certain which type, state NA or trait NA, accounts for the association we found.
The precise causal mechanisms underlying the association between NA and risk for cognitive impairment are unknown and are likely multifactorial. Greater NA is associated with higher circulating cortisol levels (31), suggesting that negative state affect may influence hypothalamic-pituitary-adrenal (HPA) system activity. Extensive animal (32, 33) and human (34, 35) literature links high glucocorticoid levels to hippocampal atrophy and age-related cognitive impairment. Postmenopausal women may be particularly vulnerable to the deleterious effects of cortisol on cognition (36), perhaps because cortisol blunts cognition-enhancing effects of estradiol (37) .
Higher NA may also be related to lifestyle and health factors that contribute to higher risk of cognitive impairment. For example, higher NA is associated with stress, poor psychological health, self-reported physical health complaints, and poorer immune system activity (38, 39) . Experiencing negative emotions is also associated with poorer coping strategies and difficulties with stress management (40) . Collectively, these factors may negatively impact a person's resilience to age-related cognitive decline.
We did not observe associations between PA and risk for probable dementia or cognitive impairment in the WHISCA sample. Our findings are consistent with a meta-analysis that reported significant associations between neuroticism and risk for MCI or dementia but not extraversion (41) . Other studies, however, have shown that PA (23) and its associated personality construct of extraversion (12) are associated with better performance on memory tasks in aging populations. Indeed, socioemotional selectivity theory (42) predicts that individuals experience more positive emotions as they age and that this age-related positivity effect may be associated with better attention and memory. This provides a potential explanation for reports that individuals with higher PA perform better than those with lower PA on certain cognitive measures (8, 23) .
Strengths of the present study include extensive assessments in a large sample of high-functioning, community-dwelling postmenopausal women whose cognitive health was characterized through detailed prospective follow-up. However, this study is not without limitations. The WHISCA sample was not population-based, and all participants were women, thus limiting generalizability. Additionally, as administered in this study, the PANAS assessed state affect over the previous 2 weeks. Thus, the results of the current study cannot address how broader, trait affective patterns may impact risk for cognitive decline. Furthermore, reported hazard ratios reflect relative risk associated with a 10-point increment of PA or NA. While PANAS scores range from 10 to 50 and participants reported scores spanning this range, mean NA scores for each diagnostic group were relatively low and within 1 or 2 points of one another at baseline. This suggests that while results are statistically significant, they may only be clinically meaningful for participants reporting high state NA. Finally, extant research-including the current study-has focused almost exclusively on older adults; less is known about the effects of affective states in middle age on risk for incident cognitive impairment later in life. Although one study including participants aged 50 years or older reported that age did not modify the association between higher neuroticism and risk for cognitive impairment (13) , more longitudinal studies investigating associations between midlife state affect and risk for cognitive impairment are needed.
In conclusion, we found that baseline NA was modestly but significantly associated with risk of developing cognitive impairment in postmenopausal women. To the best of our knowledge, this is the first study to report an association between state NA and risk for MCI and probable dementia among nondepressed women, independent of important lifestyle and cardiovascular risk factors. These findings suggest that NA may be an important and potentially modifiable risk factor for cognitive impairment. Cumulative hazard estimates for the incidence of (A) mild cognitive impairment and (B) probable dementia based on a median split of PANAS negative affect (NA). HR = Hazard ratio; CI = Confidence interval. Survival curves are unadjusted for demographic and lifestyle factors, while reported hazard ratios are from the fully adjusted models.
